INTRODUCTION
Grains in poly crystals differ in their size and shape. The geometry of grains in a given polycrystal is described by the distribution functions of grain size (for example grain volume) and the distribution functions of shape factors (for example the ratio of the maximum chord lengh to the equivalent diameter). The size and shape distribution functions can be experimentally studied using the methods of quantitative stereology and image analysis [1] , It has been shown recently that these distribution functions reflect changes taking place in thematerial miciostructures and that they influence theproperties of the materials [2, 3] .
The geometry of grains is related to the physical properties of the grain boundaries and vice versa. As a result, the distribution function of the geometrical features of grains can also help in the assessment of the physical properties of the grain boundaries. In thepresent study the distribution functions of size and shape of grains were investigated in an UHP iron produced at EMSE and, for comparison, in a commercially available Armco iron. The sp ecimens were studied as a function of annealing temperature, time and amount of cold-working Populations of grains in the specimens studied were characterized in terms of mean grain size, (mean grain volume, E(V), or grain section area, E(A)) and the grain size diversity ratio (defined as the ratio of the mean value to the standard deviation of a grain sizeparameter). The data obtained in the study provide a quantitative description of the evolution in the geometry of grains during recrystallization and grain growth. It was found that there are systematic differences in the geometrical features of grains in UHP Fe and the Armco iron Possible contribution of these differences to the disparity in the properties of UHP Fe is discussed.
MATERIALS AND EXPERIMENTAL DETAILS
The studies were carried out on an UHP a-Fe produced by a group at EMSE and for comparison on a commercialry available Armco iroa The UHP material was delivered in the form of rods which were extruded
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Observations were performed on longitudinal and transverse cross-sections. Images of microstructures were digitalized and processed using an image analyzer. Measurements of nucleifgrain geometry were carried out using specially developed software. The following parameters of the individual nucleus and grain sections were measured:
A -graidnucleus section area; 4 -2-D equivalent circle diameter of the nucleus/grain; di,-maximum section dimension; These parameters were measured for individual nucleifgrains in order to obtain the experimental distribution functions of the listed parameters. The distribution functions were also described in terms of:
A and 4, which define the size of the grainlnucleus sections can be used, under some assumptions, to infer the volume distribution of nucleilgrains [I] . The parameter dm,, can be used to describe the shape of nucleilgrains [2] in terms of the shape factor defined as the ratio a,/%. This ratio, which equals 1 for a circle, describes the elongation of nucleuslgrain sections. The other 3-dimensional characteristics measured in the present study included the volume fraction of the recrystallized material, V,. This parameter was estimated using the standard stereological relationship:
where A, is the recrystallized area fraction (measured on sections of the material). Figure 1 shows the plot of the un-recrystallized volume fraction, (1-V,), against the annealing time, t, on a double logarithmic scale. It may be noted that the experimental points do not fall on a straight line as predicted by basic theoretical models [3-51. Figure 2 presents the estimated values of the number of nuclei/grains per unit volume, N,, (for the details see [I] ) again as a function of the annealing time, t. It can be observed that the density of the nucleilgrains decreases significantly during recrystallization.
RESULTS

R-rtallizatioo
Grain Growth Figjre 3, which illustrates changes in the mean volume of nuclei (and then the grains), EfV), as a function of time, demonstrates that the process of recrystallization is accompanied by a systematic increase in the average size of nuclei/grains, E(V). The rate of growth of the average volume of nuclei/grains during recry stallization (V v < 100%) is slower than the rate observed for the grain growth stage (V v =100%). Figure 4 shows the variation in the mean values of the shape factor used in the present study. It may be noted that the initial stages of recrystallization are characterized by increasing values of the d max /d2 ratio, indicating increasing elongation of the nuclei. This grain elongation in fully -recrystallized material sharply decreases during the early stages of grain growth and remains almost constant for longer annealing times.
It has recently been shown that the properties of polycrystalline materials depend on both the mean grain size and the degree of grain size diversity [6] . In the present work the diversity in the size of grains was measured using the coefficient of variation of grain sections, CV(A). Figure 5 shows that the plot of CV(A) against the average grain size, E(A). It can be noted that the grain growth stage in the material studied is characterized by variations in the degree of the grain size diversity.
Similar measurements were carried out on a commercially available Armco iron. The results of these measurements are summarized in Table 1 . It may be noted that an UHP Fe-oc is characterized by a tendency to a higher diversity in the size of grains as indicated by the range of measured values of CV(A), i.e. the coefficient of variation of grain section area 
DISCUSSION AND CONCLUSIONS
The results obtained in the present study show that the recrystallization process is characterized by a decreasing density N, of nuclei/grains as a function of annealing time, t. The observed dependence of N, on the annealing time, t, can be explained in terms of the superposition of nucleation of defect-free nuclei and their growth, which is accompanied by nucleus/grain annihilation. The results of geometrical feature measurements of individual nuclei/grains show that the so called recrystallization analyzed on the mesoscopic scale does not meet the criterion of a steady state process. In fact it is characterized by alterations in the nucleus/grain size distribution function and considerable complexity in shape transformation of the individual nuclei/grains. The nuclei/grains initially become significantly elongated and their elongation increases during the recrystallization stage. The results of the present studies proved that there is a significant difference in the degree of grain size uniformity in an UHP and Armco iron. The UHP iron generally shows a higher spread in the size of individual grains. This may be an indication of a tendency for abnormal grain growth in pure iron. On the other hand, both the size of grains and the degree of grain size uniformity influence the mechanical properties of polycrystalline materials. Based on the model described in [6] , it may be suggested that these differences, in addition to the variation in the properties of the grain boundaries [8] , may contribute to the distinctive properties of UHP a-Fe.
